The fabrication of drug nanoparticles (NPs) with process-mediated tunable properties and 11 performances continues to grow rapidly during the last decades. This study investigates the 12 synthesis and phase tuning of nanoparticulate itraconazole (ITR) mesophases using quasi 13 nanoemulsion precipitation from acetone/water systems to seek out an alternative pathway 14 to the nucleation-based NP formation. ITR liquid crystalline (LC) phases were formed and 15 nematic-smectic mesomorphism was achieved via controlling solvent:antisolvent 16 temperature difference (ΔTS:AS). The use of ΔTS:AS=49.5 °C was associated with a nematic 17 assembly, while intercalated smectic A layering was observed at ΔTS:AS=0 °C, with both 18 phases confined in the nanospheres at room temperature. The quasi emulsion system has 19 not been investigated at the nanoscale before and in contrary to the microscale, quasi 20 nanoemulsion was observed over the solvent:antisolvent viscosity ratios of 1:7 to 1:1.4. 21
Introduction 30
The advances in drug design have led to a radical change in the development of active 31 pharmaceutical ingredients (APIs), however at a price of dramatically decreasing their 32 biorelevant properties, mainly solubility. Those APIs are estimated to constitute 40% of the 33 currently developed potential drugs, where low bioavailability is the undesirable 34 consequence of the poor solubility. Nanotechnology has been established as a promising 35 pathway to enhance dissolution and solubility of such substances 1 . Itraconazole is an anti-36 infective drug that suffers from the above drawbacks, however some attempts involving 37 fabrication in the nanoscale have been found to boost its bioavailability 2, 3 . 38
While a few reports on amorphous and crystalline ITR nanoparticles (NPs) can be found in 39 literature, liquid crystalline ITR NPs and, in general, liquid crystalline drug NPs were 40 overlooked 4 . A liquid crystals (LC) is an intermediate state between the crystalline and 41 amorphous states with a combination of residual order and mobility thus known as 42 mesophases 5 . APIs in the LC form have been reported to possess enhanced solubility in 43 comparison to their crystalline counterparts 6 . Almost all types of supramolecular 44 interactions, including van der Walls interaction, hydrogen bonds and π-π interactions, can 45 be observed in LCs 7 . Molecules capable of forming mesophases are known as mesogens 46 and can be classified according to the anisotropy of their shape into rod-like and disc-like 8 47 with the former exhibiting the highest molecular anisotropy. Thus nanosized liquid crystals 48 possess the combinatorial effect of the nanomaterials' large surface area, the compromised 49 molecular order of mesophases, which is expected to enhance solubility and dissolution, and 50 advantageous stability on comparison to amorphous due to lower Gibbs free energy 9 . 51 ITR molecule is highly anisotropic with a rod like structure (Figure 1 ). Nematic and smectic 52 liquid crystalline phases of ITR were previously achieved via controlled cooling of melted 53 crystals 5, 10 . However, a nematic phase can easily be misinterpreted as isotropic 54 (amorphous) using X-ray diffraction due to similarity in diffraction patterns of both phases. 55
Here, we report on tuning the LC phase in ITR NPs through controlling the quasi nano-56 emulsion precipitation process parameters, especially the solvent to antisolvent temperature 57 Itraconazole (ITR) was a gift from Neuland Laboratories Ltd. (Welding, Hamburg, Germany) . 75
Poloxamer 407 (poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene 76 glycol), P407) was purchased from BASF Corp. (Ludwigshafen, Germany) . Acetone 77 Chromasolv ® HPLC grade was obtained from Sigma-Aldrich (Dorset, UK), while acetonitrile 78 HPLC grade was purchased from Fisher Scientific (Loughborough, UK). Poly(acrylic acid) 79 (PAA), as Carbopol 981 was obtained from BFGoodrich (Brecksville, OH, USA). Ethanol 80 (≥99.8%), employed in DVS experiments and cellulose acetate phthalate (CAP) were 81 acquired from Sigma-Aldrich (Dublin, Ireland). All other chemicals were of analytical grade 82 and used as supplied. 83
Methods 84

Determination of solubility of crystalline ITR 85
The solubility of crystalline ITR in acetone at 50 °C in the presence of P407 at different 86 concentrations (1, 2, 3 and 4 mg/ml) was determined using a high performance liquid 87 chromatography (HPLC) method as carried out before 4 . 88
Preparation of ITR NPs 89
ITR NPs were prepared as previously described 4 with some modifications and details of 90 experimental conditions are presented in Table 1 . The modifications included changing the 91 temperature of the antisolvent phase (water), thus creating a temperature gradient (ΔTS:AS). 92
Solvent was acetone. PAA was used to tune the viscosity of the antisolvent phase. CAP was 93 determined to be miscible with ITR based on calculated theoretical miscibility using Flory-94
Huggins interaction parameters 14 . 95 96 6 
Dynamic light scattering (DLS) and zeta potential (ZP) 103
The mean particle size and the polydispersity indices of NPs were measured using a 104
Zetasizer Nano ZS series (Malvern Instruments, UK). The dispersions were placed in 105 DTS1061 clear disposable zeta cells. All measurements were carried out at 25 °C with an 106 equilibration time of 2 min. The analysis was performed in triplicate for each sample and the 107 mean particle diameter along with the polydispersity index were recorded and corrected for 108 viscosity of the continuous phase. Electrophoretic mobility values were measured by laser 109 Doppler velocimetry (LDV) using DTS1061 cells and were converted to zeta potential values. 110
Average zeta potential values of at least three batches were calculated and corrected for 111 viscosity of the continuous phase 15 . 112
Residual acetone quantification 113
The residual acetone content in the continuous phase of ITR NP dispersions was 114 determined by measuring ZP values of the 200 nm Nanosphere ® standard (Malvern 115 Instruments, UK) dispersed in acetone/water mixtures with varying acetone v/v ratios. A 116 calibration curve ( Figure 1S ) was constructed by plotting the ZP values of mixtures 117 containing 10 µl the Nanosphere ® standard dispersed in 500 µl of acetone/water mixtures 118 against the acetone/water v/v ratio. 119 ITR dispersions prepared at the investigated ΔTS:AS were filtered using 0.1 µm filters 120 (Sartorius Stedim, Germany). An aliquot of 500 µl of the filtrate was mixed with 10 µl of the 121 Nanosphere ® standard and the measured ZP values were used to calculate the acetone 122 content using the calibration curve constructed earlier. 123
NP morphology 124
Scanning electron microscopy (SEM) 125
A Zeiss Supra variable pressure field emission scanning electron microscope (Germany) 126 equipped with a secondary electron detector and accelerating voltage of 5kV was used for 127 the morphological examination of ITR nanoparticles. Aliquots of the ITR nanodispersions 128 were placed on a silicon chip 5*7 mm with (111) orientation, fixed on aluminium stubs and 129 dried using nitrogen purge. For the samples collected after dynamic vapour sorption (DVS) 130 experiments, powders were placed on carbon tabs fitted on aluminium stubs. All samples 131 were sputter coated with gold-palladium under vacuum before analysis. 132
Transmission electron microscopy 133
Transmission electron microscopy (TEM) characterisation of the NPs prepared using a 134 different temperature of the antisolvent phase (0.5, 50 and 80 °C) was carried out to 135 investigate the effect of ∆T on the thickness of shell of the NPs formed. TEM imaging was 136 performed on a TEM Titan instrument (FEI Ltd, Hillsboro, OR). Centrifuged residues of ITR 137
NPs were redispersed in water and mounted on Cu holey carbon-coated TEM grids and 138 imaged at 300 kV. 139 2.2.6. Elucidation of the mechanism of NP formation 140
Viscosity measurements 141
A Vibro viscometer SV-10 (A&D Ltd., Japan) was used to measure the viscosity of deionised 142 water and pure acetone at different temperatures employed in the precipitation studies. Each 143 sample was subjected to a heating ramp to the required temperature using a thermostated 144 water jacket followed by cooling to 0.5 °C. The average of the recorded viscosity values in 145 the heating and cooling cycles at each temperature was used. The impact of the 1 mg/ml 146 P407 and 1 mg/ml CAP on the viscosity of acetone was also studied using the same 147 method. Similarly, a change in water viscosity at 80 °C upon the addition of different PAA 148 concentrations was measured. 149
Visualisation of the Tyndall effect 150
The Tyndall effect, at the investigated temperatures, in a glass vial was examined before 151 and after the injection of 0.1 ml acetone to 1 ml water as reported before 16 . 152
Investigation of micelle formation at 1 mg/ml P407 153
DLS was utilised to investigate if 1 mg/ml P407 is able to form micelles at the employed 154 antisolvent temperatures. For this experiment, deionised water was ultrasonically degased 155 for 10 min using a F15053 Fisherbrand sonicator (Elma, Germany). The degased water was 156 used to prepare 1 mg/ml P407 solution, the solution was filtered using a 0.1 µm membrane 157 filter (Sartorius Stedim, Germany) and placed in a PCS8501 glass cuvette. The solution was 158 heated in situ in a Zetasizer Nano ZS series and size measurements were performed at 25, 159 50 and 80 °C. spacing measurements were performed using PDXL comprehensive analysis software 164 (Rigaku, Japan). SAXS studies were performed using a Bruker D8 Discover with a 165 monochromatic copper Kα1 source. Scanning with 666 s/point with effective 0.1 mm slits 166 was applied 17 . 167
Differential scanning calorimetry (DSC) 168
A range of crystalline ITR/P407 physical mixtures prepared in different w/w ratios were 169 examined by DSC 4 and data were used to construct a calibration curve to quantify the P407 170 content in the NPs ( Figure 2S ). For the purpose of P407 quantification, the samples were 9 heated in an oven (Memmert U10, Germany) at 40 °C following dynamic vapour sorption 172 analysis with ethanol to remove any remaining solvent. The dried samples were then 173 subjected to DSC scans as described above and the enthalpy of P407 melting was used to 174 quantify the P407 content. 175
Attenuated total reflection Fourier transform infra-red spectroscopy (ATR-FTIR) 176
Infrared spectra were recorded on a PerkinElmer Spectrum One FT-IR Spectrometer and 177 evaluated using Spectrum v5.0.1 software. Each spectrum was scanned in the range of 178 650-4000 cm −1 with a resolution of 4 cm −1 and minimum of four scans were collected and 179 averaged in order to obtain good quality spectra. The spectra were normalised and 180 background corrected using the following base points: 690, 909, 1307, 1596, 1780, 2507, 181 3029 and 4000 cm -1 . A second derivative, using the Savizky-Golay algorithm with seven 182 smoothing points, were calculated for each absorbance spectrum. 183
Determination of change in the degree of disorder by dynamic vapour sorption 184 (DVS) 185
Freeze dried ITR NPs were subjected to DVS analysis as previously described 4 . Second 186 sorption cycle isotherms were also determined where absence of a mass loss indicated full 187 crystallisation. The complete crystallisation was further confirmed using WAXS and DSC. 188
The change in the degree of disorder in samples produced using different ΔTS:AS compared 189 to when ΔTS:AS =0 °C was determined using Eq. (1), 190
Eq. 1 191
where ∆m is the difference in the mass uptake (%) of the ITR NPs between the first and 192 second sorption cycles at a system specific p/p0, ms is the sample mass in the DVS, md is 193 the mass of the ITR in the overall sample mass, and ∆m∆t=0 is the difference in mass uptake 194 between the first and second sorption cycles of the NPs precipitated when ΔTS:AS= 0 °C. 195
Statistical analysis 196
Statistical analyses were performed via one way ANOVA with the Tukey comparison test, as 197 specified in relevant sections, using Minitab Release 16. For all tests, p ≤ 0.05 was used as 198 the criterion to assess statistical significance. 199
Computational investigations 200
The full interaction map (FIM) for itraconazole (CSD refcode TEHZIP) was generated using 201 Mercury 3.5.1 software. The carbonyl oxygen, C-Cl and aromatic C-H were used as the 202 hydrogen bond (H-bond) acceptors, halogen bond and hydrophobic interactions probes, 203 respectively. The propensities, a numerical representation of how much more likely an 204 interaction is at a certain contour with respect to random chance 18 , for the propped 205 interactions along with the hotspots and short contacts were calculated. 206
Results and Discussion 207
Investigations into the formulation and process variables leading to ITR NPs 208
In an effort to bridge the gap between pharmaceutical nanotechnology and pharmaceutical 209 liquid crystals, the impact of process parameter manipulation on the size and the mesophase 210 of ITR NPs was probed. As a starting point, the effects of antisolvent temperature (TAS) and 211 polymer concentration in the solvent or antisolvent phase on the formation of NPs was 212 investigated ( Table 1) Increasing viscosity of the antisolvent phase by the addition of 0.033 mg/ml PAA (system 238 F12) resulted in the formation of smaller particles with greater polydispersity compared to 239 F7. For P407, DLS investigation revealed that 1 mg/ml is below the critical micelle 240 concentration (CMC) at the applied experimental conditions thus the micellar effect on NPs 241 formation was ruled out. 242
The stabiliser-free NPs formed at 80 °C (ΔTS:AS=30 °C, F5) did not fully redisperse in water 243 following freeze drying. The relatively highly negative zeta potential (ZP) value 244 13 (-33.7±3.2 mV, Figure 3b ) indicates that NPs in this dispersion are electrostatically 245 stabilised, which explains the poor redispersiblity in water 20, 21 . In contrast, the surfactant 246 nature of P407 suggests the presence of this polymer as a layer on the particle surface 247 leading to a less negative ZP value for F6. This layer sterically stabilise the NPs and shield 248 their surface charge, which explains their good redispersibility in water 22 . The ZP value of 249 ITR NPs prepared when the AS temperature was 50 °C (ΔTS:AS=0 °C, F3) was -16.5±0.6 250 mV, greater than -33.7±3.2 mV of F5. The residual content of acetone in the AS phase was 251 6% v/v and this is expected to affect the solvation shell around the particles 23 . The presence 252 of acetone is believed to promote Ostwald ripening, where smaller particles dissolve and 253 deposit on larger particles to achieve a more thermodynamically stable system 24 . 254
Incorporation of P407 (F4) shifted the ZP to -6.5±0.6 mV, when compared to F3. Despite the 255 low negative charge on those particles, steric repulsion is expected to play a role in their 256 stabilisation. For the sample fabricated using the AS phase at 0.5 °C (ΔTS:AS=49.5 °C, F1), 257 the surface charge was very low with the acetone content of 9% v/v in the AS phase. It also 258 can be noted that the ZP values with and without P407 (F1 and F2, respectively) were 259 comparable. This can be attributed to the fact that without the inclusion of a stabiliser 260 nanoaggregates, which are expected to possess lower surface charge 25 , were formed rather 261 than discrete NPs. 262
The inclusion of PAA in the AS phase appeared to have a concentration-based effect on the 263 particle size and ZP as can be seen in Figure 3b . The use of 0.033 mg/ml aqueous solution 264 of PAA (F8) was found to result in a shift in ZP from -33.7±3.2 mV in F5 to -27.2±0.2 mV in 265 F8, which was inconsistent with literature where PAA was found to render the surface of NPs 266 more negative 26 . 267
A DSC scan of F8 (Figure 4a ) revealed an increase in the glass transition (Tg) of ITR from 268 60 to 62 °C using med-point approach, which suggests the presence of considerable 269 miscibility between ITR and PAA at the used concentration. determined. The inclusion of CAP, a polymer that is miscible with ITR, had a similar effect on 289 ZP to the low PAA concentration (F8). 290
NPs obtained using a combination of 1 mg/ml P407 in the solvent phase and 0.033 mg/ml 291 PAA in the AS phase (F11) had a comparable ZP value to F8 NPs. In contrast, when CAP 292 was combined with 0.033 mg/ml PAA (F12), more negatively charged ITR NPs, compared to 293 F8, were produced, which could be due to the favourable interaction of ITR with CAP where 294 the cellulose-based backbone 27 shields ITR from interaction with PAA, which in turn 295 contributes to the shift of ZP towards more negative values. 296 Figure 5 shows the TE micrographs of resultant NPs using different AS temperature. It is 298 clear that the investigated particles were hollow. The effect of ∆TS:AS on the shell diameter is 299 illustrated with the thickest crust of about 120 nm achieved when ∆TS:AS=0 °C (F3, Figure  300 5b). With large ΔTS:AS, the shell thickness decreases significantly, where ∆TS:AS=30 °C was 301 associated with around 30 nm NP shell with a blowhole (indicated by the red arrow in Figure  302 5c, which is consistent with SE micrograph in Figure 2e ). The ∆TS:AS=49.5 °C (F1) resulted in 303 the formation of smaller particles/aggregates with the shell thickness of around 15 nm as 304 shown in Figure 5a 
Internal structure of ITR NPs 297
Mechanism of NP formation 313
Quasi emulsion solvent diffusion (QESD) precipitation using the acetone-water system has 314 been used in the past for the spherical crystallisation of drug substances to improve their 315 performance during formulation processes 28, 29, 30, 31, 32 . Nevertheless, to the best of our 316 knowledge, NPs formation using QESD has not been reported before. The hypothesis is that 317 ITR NPs are formed via solidification of droplets through counter-diffusion of solvent and 318 antisolvent following the break up stage, which is confirmed by the hollow structure of the 319 particles ( Figure 5 ). The breakup of those droplets is controlled by deformation, which can 320 be described using the Taylor's equation 33 : 321
Eq.2 322
where D -deformation of drop, G -shear rate,  -radius of liquid droplet, µ -viscosity of the 323 continuous phase, ρ -viscosity ratio (µ'/µ) where µ' is viscosity of the solvent (dispersed) 324 phase and γ -interfacial tension. The higher the D value, the easier the droplet breaks up. 325
To investigate the applicability of this mechanism to the systems at the nanoscale, a 326 viscosity ratio between the solvent to antisolvent (ρ) was determined for each condition 327 investigated (Table 1S) . For water at 0.5 °C, the ρ is 1:7. This ratio changed with an increase 328 in the antisolvent phase temperature to 1:2 and 1:1.4 for the AS phase at 50 and 80 °C, 329 respectively. Statistical analysis (ANOVA, p ≤ 0.05) revealed that the viscosity values of pure 330 acetone and the 1 mg/ml P407 solution in acetone were not significantly different. Therefore, 331 the change in ρ upon the addition of 1 mg/ml P407 to acetone can be considered negligible. 332
The addition of PAA to water at 80 °C was found to decrease ρ, compared to F5, to 1:1.7, 333 1:2 and 1:2.5 for 0.033, 0.05 and 0.1 mg/ml PAA, respectively. The Tyndall effect was 334 observed in all systems for which the viscosity ratios were calculated (an example is shown 335 in Figure 5d ) confirming the generation of liquid segregation in the range of viscosity ratios 336 Furthermore, DLS data shows that the higher the concentration of PAA, the smaller the 345 particle size of the precipitated NPs. Meanwhile, the higher the PAA concentration, the 346 greater the PDI values (Figure 3a) , which is also demonstrated in the SE micrographs. The 347 polydispersed NPs can be explained by the non-uniform breakage of some droplets into 348 smaller entities due to the relatively high viscosity ratio as reported for oil droplets before 33 , 349 which results in a range of sizes formed. A combination of the high viscosity effect of PAA 350 with the surfactant effect of P407 at 80 °C (Figure 2i , sample F11) did not result in any 351 statistically significant impact on the particle size nor PDI (size = 213±4 nm and PDI = 352 0.09±0.05) when compared to F8. 353
Collectively, DLS, SEM and TEM data indicated a ∆TS:AS dependent particle size of NPs with 354 and without P407. Without the surfactant, an increase in the particle size with a decrease in 355 ∆TS:AS was noticed, where the largest particles (338±21 nm by DLS) were obtained for 356 ∆TS:AS=0 °C. Temperature was reported to have no effect on size of particles in the 357 microscale 32 , while it does herein by affecting the viscosity ratio. According to Taylor's 358 equation (Eq. 2), during the precipitation of F3 (TAS=50 °C) without the addition of P407, 359 interfacial tension is expected to be higher than that when P407 was employed, which 360 results in a low D value and thus the formation of large droplets. Those large droplets cannot 361 be further broken easily through deformation into smaller drops. Additionally, if deformation 362 had occurred particles could have started the solidification process as it can clearly be seen 363 in the SE micrograph (red arrow in Figure 2c) showing deformed but non-broken, solidified, 364 peanut-shaped particles. That is to say, the interfacial tension effect dominates the viscosity 365 ratio effect. In contrast, when a surface active agent such as P407 was included in the 366 solvent phase (F4), smaller particles were observed (Figure 2d ) even though the polymer 367 has a negligible effect on viscosity. The ease of droplets breakage by lowering the interfacial 368 tension was reported before 33 . Decreasing the interfacial tension facilitates the breakage of 369 droplets into smaller globules with the aid of the high viscosity of the antisolvent phase at 0.5 370
The shell thickness of the formed particles and the presence of particle rupture is determined 372 by ∆TS:AS. Heat transfer is reported to be semi-instantaneous, while mass transfer is the 373 limiting step as it continues for longer following the heat transfer 35 and this leads to the 374 continuation of mass transfer until a thicker crust is formed for the sample made at ΔTS:AS=0 375 (F3). The effect of ΔTS:AS is accompanied by the difference in gas solubility in water at 376 different temperatures 36 , a parameter disregarded before for the microspheres 32, 37 . When 377 ∆TS:AS=49.5 °C, the addition of the hot solvent to water or aqueous polymer solution results 378 in gas bubbles generation as the net temperature of the mixture increases and consequently 379 gives a rise to particle rupture, observed as blowholes, and terminates the solvent diffusion 380 process. A similar scenario is expected when ∆TS:AS=30 °C, except that the evaporated 381 solvent is responsible for the gas bubbles. 382
The production of ITR NPs at high temperatures using P407 was not feasible when an 383 ordinary supersaturation-based nucleation process was employed using evaporative 384 precipitation into aqueous solution (EPAS) 13 , where an elliptical conical nozzle was used to 385 atomise an organic phase containing ITR and P407 into an aqueous phase at high 386 temperature 38 . According to the authors, in the EPAS process, as the organic solvent 387 evaporates, the formed nuclei are forced to coagulate despite the presence of P407 13 . In 388 contrast, here, each nanodroplet solidifies as an individual nanoparticle (Figures 2f and 4S) , 389 which then remains dispersed and stabilised by the polymer. Micellar interference is another 390 possible explanation of the failure of the EPAS process to form ITR NPs, while the P407 391 concentration used herein was below the CMC. 392
Evaluation of the phase of matter of ITR NPs 393
Evaluation of the phase of matter of ITR NPs was accomplished using a group of techniques 394 including wide and small angle X-ray scattering (WAXS and SAXS), as shown in Figure 6 , 395
and Fourier transform infra-red spectroscopy (FTIR) (Figure 7) . A previous X-ray diffraction study of bulk ITR LC phase using CuKα1 source (λ=1.5406 Å) 405
revealed the presence of two diffuse maxima at around 7° and 18° 2θ at 82 °C which was 406 assigned for a chiral nematic phase 10 . Another interesting study using AgKα source (λ= 407 0.5608 Å) revealed the presence of a diffuse maxima at the low angle region, above and 408 below the LC transition at 89 °C, suggesting the presence of an additional ordering in the 409 sample 39 . The latter cannot be compared with our diffraction patterns as the X-ray source 410 used has a different wavelength to the one used in our study. Moreover, the exact position of 411 that maxima was not specified in the paper. 412 413 WAXS patterns of ITR nanoparticles F1-F6, Figure 6a , showed the presence of a 414 characteristic liquid crystal peak at 6.05° 2θ 4 and the absence of characteristic diffraction 415 peaks of the crystalline starting materials, neither ITR nor P407 ( Figure 5S ). The quasi 416 diffraction peak at 6.05° 2θ corresponds to 14.5 Å interplanar d-spacing and indicates the 417 presence of periodicity or a translational order 40, 41 since orientational order cannot be 418 investigated using X-ray diffraction 42 . In addition to this peak, a second quasi-Bragg peak 419 was observed at 9.05° 2θ in F3, F4 and F6. This peak had the highest intensity when P407 420 was included in the solvent phase and precipitation performed at 50 °C (F4). The 9.05° 2θ 421 value corresponds to 9.7 Å d-spacing and suggests the presence of additional positional 422 order in the particles precipitated at 50 °C compared to other samples. The occurrence of 423 this peak in ITR, to the best of our knowledge, has not been reported before. 424
The diffuse maxima in the wide angle position, in the same position described by Six et al 10 , 425 were similar in all samples and were in close agreement with the theoretical nematic phase 426 maxima positions. The theoretical position (17° 2θ) was calculated using the formula: 427 sinθ where Q is the diffraction vector and for the nematic and smectic phases is 428 estimated to be around where is the molecule width. A low angle diffuse peak 429 around 3° 2θ, corresponding to Q of where is the molecule length, was observed in 430 F1 and is characteristic of a nematic phase (Figure 6b) . The length and width of ITR 431 (C-Cl···O, between dichlorophenyl and dioxolane groups in a dimeric arrangement) was 487 acknowledged for the first time by Lahtinen et al. 46 . FTIR investigations were focused in the 488 following bands/regions: carbonyl C=O stretching at around 1700 cm -1 , asymmetric and 489
symmetric O-C-O stretching at around 1230 and 1147 cm -1 , respectively, a 960-1080 cm -1 490 region comprising =C-H out of plane bending and C-N stretching vibrations as well as a 850-491 920 cm -1 region of triazole ring deformations and triazole =C-H out of plane bending 492 absorptions 47 . Considering the various NP formulations, the greatest differences (Figure 7) , 493 however only in the triazole, mixed aromatic, C-N and C=O regions, were seen for the 494 sample F4 (TAS=50 °C, with P407) with band shapes resembling those of crystalline ITR. 495
Thus it is logical to assume that this sample had a higher degree of order compared with the 496 rest of NPs, consistent with WAXS data (Figure 6a ). Infrared data implies that the part of ITR 497 molecule with the greatest mobility is that containing the triazolone ring. The sorption-desorption isotherms of the investigated samples using ethanol as a prope 508 solvent, shown in Figure 6S , was used to confirm the subtle change in molecular order as a 509 response to ΔTS:AS alteration. Pure drug NPs (F1, F3 and F5) were crystallising at 70% 510 partial pressure (p/p0) of ethanolic vapour, while those stabilised with P407 (F2, F4 and F6) 511 were found to crystallise at 50% p/p0. The enthalpies of melting obtained from the DSC 512 analysis ( Figure 2S) , suggest that the change in the P407 content with antisolvent 513 temperature was not statistically significant, 6.76±1.15% at TAS=0.5 °C (F2), 6.43±0.37 (F4) 514 at TAS=50 °C, and 5.19±0.99 (F6) TAS=80 °C and indicates a relatively high drug loading in 515 these samples. Crystallisation of ITR NPs at lower p/p0 of ethanolic vapour when a 516 hydrophilic polymer is included has been reported by our group before 4 . Here, crystallisation 517 of NPs at those low p/p0 values is not only due to the hydrophilic nature of the polymer 518
included, but also due to its known effect of inducing crystallisation of ITR via increasing 519 molecular mobility 3 . The change in the degree of disorder of NPs with the change in ∆TS:AS 520 compared to ∆TS:AS=0 °C has been calculated using Eq S1. In case of pure drug NPs, there 521 was a statistically significant increase in the degree of disorder as the ∆TS:AS increased, 5.39 522 ± 0.6 and 2.22 ± 0.9% for ∆TS:AS=49.5 and 30 °C, respectively, compared to ∆TS:AS=0 °C. 523
The maximum disorder was observed when ∆TS:AS=49.5 °C. This increase in the degree of 524 disorder with larger ∆TS:AS was higher when P407 was included (18.6±0.3 and 13.5±7 % for 525 ∆TS:AS=49.5 and 30 °C, respectively), which is consistent with the WAXS results. SEM 526 investigations of post DVS powder (Figure 6Sc and d) revealed that NPs crystallised 527 individually to form nanocrystalline aggregates, which had the same diffraction peaks as the 528 starting material when examined using WAXS. 529 DVS moisture isotherm of a full cycle of sorption-desorption of the nematic (F1) and smectic 530 (F3) are displayed in figure 8 . The isotherms revealed that, at 90% RH, the nematic LC NPs 531 sorbed slightly more water (2.49±0.03 %) compared to their smectic counterparts 532 The absence of a sharp mass loss in both isotherms, similar to those observed in figure 6S , 540 excludes the presence of any crystallization and indicate that the LC NPs are stable under 541 the investigated conditions. 542
Conclusions 543
An investigation of the factors governing the quasi nanoemulsion precipitation of ITR 544 revealed the ability to tune the properties of the produced nanoparticles/nanoaggregates via 545 controlling the fabrication conditions. The higher the temperature difference between the 546 solvent and antisolvent phases (ΔTS:AS), the thinner the particle shell thickness and the lower 547 the molecular order with the nematic LC phase arrangement. The highest periodically 548 ordered intercalated SmA mesosphere was observed when ΔTS:AS=0 °C with the inclusion of 549 P407 in the antisolvent phase. Similarly, at a given temperature, the higher the solvent to 550 antisolvent viscosity ratio, the smaller the nanoparticles produced. The ability to prepare 551 P407 stabilised ITR NPs, at an elevated temperature, was demonstrated here while was not 552 28 feasible before 13 . It should be highlighted that to date a liquid crystalline phase of ITR has 553 been only achieved via melting followed by cooling and here we demonstrate the feasibility 554 of the use of a precipitation technique to accomplish this and the ability to confine the 555 obtained phase in the nanosphere. This comprehensive study might help in the rational 556 design of NPs made of other drugs. 
